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Abstract
By augmenting the standard quantity-quality model with an extensive
margin, we generate sharp testable predictions of causes of fertility tran-
sitions. We test the model on two generations of Southern black women
aﬀected by a large-scale school construction program. Consistent with
our model, women facing improved schooling opportunities for their
children became more likely to have at least one child but chose to have
smaller families overall. By contrast, women who themselves obtained
more schooling due to the program delayed childbearing along both the
extensive and intensive margins and entered higher quality occupations,
consistent with education raising opportunity costs of child rearing.
1 Introduction
All societies that embark on a sustained path of economic development experi-
ence a decline in fertility concurrent to other important societal changes, such
as increases in schooling and declines in mortality. Many diﬀerent forces are
plausible explanations for fertility transitions, including skill-biased technical
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1change, a decline in the cost of contraception, an increase in the relative wages
of women, an increase in life expectancy, and a decline in the value of child
labor.1 But the importance of these diﬀerent factors remains unsettled.
One reason is that it is impossible to separately identify the diﬀerent pro-
posed causes of the transition using the standard implementation of the work-
house model used to study fertility patterns, the quantity-quality model of
Becker and Lewis (1973). In order to obtain tractable results, researchers im-
pose auxiliary assumptions on the quantity-quality model to ensure that fertil-
ity is always positive. This simpliﬁes the analysis because it focuses exclusively
on the intensive margin. But along the intensive margin, every explanatory
cause of the fertility transition has the same prediction that quantity and
quality of children are substitutes.
However, we argue that there is scope for identiﬁcation along the exten-
sive margin the option to remain childless. Take, for example, a change
that causes a decrease in the price of investing in child quality, say because
of expanded access to high-quality schools or increased rates of return to ed-
ucation. An augmented quantity-quality model that allows for an extensive
margin predicts an increase in the probability that a woman will have a ﬁrst
child. Intuitively, it is necessary to have at least one child in order to invest
in the quality of children. Consequently, fertility along the extensive margin
increases as the opportunity to invest in child quality expands. We refer to
this complementarity at the extensive margin as “essential complementarity.”
Note that this prediction stands in contrast to the well-known response along
the intensive margin, where a positive educational shock causes fertility to
decline.
Next, consider an increase in the cost of raising children, say through im-
proved labor market conditions and consequently an increase in the opportu-
nity cost of women’s time. In this scenario, our augmented quantity-quality
model predicts that women will reduce fertility along both the extensive and
intensive margin. Therefore, our reﬁnement of the standard quantity-quality
model generates sharp testable predictions of how variation in diﬀerent vari-
1For a recent critical survey on the evidence, see Galor (2012).
2ables aﬀect fertility along the extensive margin that we can use to test the
model and improve our understanding of the forces that shape demographic
transitions.
Our empirical application examines fertility along the extensive and inten-
sive margins for two generations of women in the American South in response
to a large-scale school-building program.2 The Rosenwald Rural Schools Ini-
tiative (Aaronson and Mazumder, 2011) prompted the construction of almost
5,000 new schools, potentially easing signiﬁcant constraints on the cost of ed-
ucating children. Schools were targeted to one particular demographic group,
rural blacks, allowing the formation of control groups such as urban blacks and
rural whites within the same county. Moreover, the building occurred over two
decades between 1913 and 1932 providing variation in access to schooling
across cohorts.
From the decennial Censuses, we construct two distinct samples of women.
The ﬁrst sample includes women who were of childbearing age when the schools
were built but too old to have attended themselves. For rural black women in
this cohort, the schooling opportunities for their prospective children expanded
and therefore the price of child quality declined. Consistent with the idea that
parents substitute quality for quantity, we show that these women’s fertility
declined along the intensive margin. We also show that the share of rural black
women who had any children increased (fertility increased along the extensive
margin), consistent with our extension of the standard quantity-quality model.
Overall, we ﬁnd that the eﬀects along the two margins roughly cancel each
other out. We therefore conclude that the evidence from the introduction
of the Rosenwald schools supports the idea of essential complementarity in
response to a decline in the price of child quality. Further, models that abstract
from the extensive margin will fail to capture the full eﬀect of the change in
2Other studies that test the quantity-quality model include Schultz (1985), Bleakley and
Lange (2009), Becker, Cinnirella, and Woessmann (2010), and Qian (2009). However, none
explicitly distinguishes between the extensive and the intensive fertility margin. There have
also been many empirical studies examining the eﬀects of women’s education on fertility
more generally including Strauss and Thomas (1995), Black, Devereux and Salvanes (2008)
and McCrary and Royer (2011).
3opportunities on fertility decisions and may lead to incorrect inferences.
The Rosenwald Initiative also provides insight into the role of the oppor-
tunity cost of women’s use of time as a factor in the fertility transition. To
investigate this hypothesis, we use a second sample of women who were of
school-going age at the time the schools were built. Aaronson and Mazumder
(2011) document the substantial impact the schools had on the human capital
accumulation of these women. Our model predicts that as the value of female
time increases, fertility will decline along both the extensive and the intensive
margin. We show that by the ages of 18-22, rural black women who were ex-
posed to the Rosenwald schools during childhood were more likely to work in
a higher paying occupation, less likely to have children, and less likely to have
larger families if they did have children. These eﬀects are quantitatively mean-
ingful, statistically signiﬁcant, and consistent with the hypothesis that the
per-child time cost of childrearing increases with the education and work op-
portunities of mothers. Therefore, the evidence from the Rosenwald-educated
women suggests a strong direct eﬀect of increasing schooling opportunities on
fertility.
Although it is common to see fertility declines along both the extensive
and the intensive margin during 20th century demographic transitions, most
studies have focused solely on the intensive margin. We believe that empha-
sizing the extensive margin is a novel and useful contribution to the literature
and, importantly, is a relevant aspect of the fertility transition. Although the
preponderance of our empirical evidence supports such an extension of the
standard quantity-quality model, we acknowledge that in some cases our re-
sults are mixed or not as precisely estimated as one might like. Therefore,
we think it would be particularly useful if future work explores our ﬁndings in
other contexts.3
Section 2 describes a simple model of the fertility transition based on Ga-
lor (2012). The discussion centers on how essential complementarity and the
3One potential example is Lucas (2011), who ﬁnds that women of childbearing age around
the time that malaria was eradicated in Sri Lanka experienced an increase in fertility, whereas
those who were born post-eradication experienced an improvement in education and a re-
duction in fertility.
4extensive margin provide additional explanatory evidence on the fertility tran-
sition. Sections 3 and 4 introduce the Rosenwald Rural Schools Initiative and
the data that provide the empirical evidence reported in section 5. Section 6
concludes with thoughts on the relevance of the extensive fertility margin in
developing economies.
2 The Extensive and the Intensive Margin in
Fertility Choices
Our framework relies on Galor (2012). Households maximize preferences
U (c n e) subject to the budget constraint:
n(τ
q + τ
ee) + c ≤ I  (1)
Household income I is spent on consuming goods and services c, raising n
children, and investing e in the quality of those n children.4 The cost of
rearing and investing into children depends on the parameters τq and τe  The
parameter τq represents a ﬁxed cost of rearing children that is independent of
the investments made into these children. The parameter τe aﬀects the costs
of investing in the quality of children. Both costs depend on the quantity n of
children.









Because the shadow price of quantity pn increases in the quality of children e∗,
increased investments in quality will tend to reduce the quantity of children.
Likewise, the shadow price of quality pe increases in the number of children n∗,
4We denote the quality of children using the letter e because quality investment is typ-
ically associated with education. However, e can also represent investment into the health
and general well-being of children.
5so additional children reduce investment in child quality. It is this substitution
between quality and quantity at the interior solution that generates a fertility
transition (Becker, Murphy, and Tamura 1990; Galor and Weil 1996, 2000).
It is common in the literature to impose an Inada condition
lim
n→0+
∂U (c n e)
∂n
= ∞ (4)
of preferences over fertility, ensuring that fertility levels are always positive.5
However, this assumption removes important behavioral distinctions operat-
ing during the transition from high to low fertility levels. At high fertility
levels, the interaction of quality and quantity in the budget constraint (1)
leads to the familiar quality-quantity tradeoﬀ. But the quantity and quality
of children are necessarily complements around the extensive margin, or at low
fertility levels, simply because it is essential to have children in order to con-
sume the complementary good child quality, an idea that we label “essential
complementarity.”
In particular, note that the value of remaining childless V0 (I) is indepen-
dent of the cost of rearing children or investing into child quality. By contrast,
the value function capturing optimal fertility conditional on having children
V (I τq τe) depends negatively on the child cost parameters (τq τe)  A woman
will choose to have children if V (I τq τe) exceeds V0 (I).
Now suppose there is a decline in the price of child quality τe. The value
of having children V (I τq τe) rises without impacting the value of remaining
childless V0, implying that more women will choose to have a child. But as
fertility increases along the extensive margin, it will decline along the intensive
margin as women substitute out of quantity into quality. Thus, a decline
in τe will compress the distribution of family size from both sides. The
impact on total fertility depends on the magnitude of these oﬀsetting eﬀects.
5Such an assumption is imposed by Barro and Becker (1989), Becker, Murphy, and
Tamura (1990), Galor and Weil (2000), Doepke (2004), Galor (2012), and many others. The
exceptions that we are aware of are Gobbi (2011), who analyzes the dynamics of voluntary
childlessness during the demographic transition and Baudin, de la Croix and Gobbi (2012),
who consider the relationship between childlessness and education in the U.S. in a modern
setting.
6By contrast, an increase in the direct cost of rearing children τq results in
fertility declines along both margins, leading to an unambiguous decline in
total fertility. Thus, observed declines in fertility along the extensive margin
cannot be attributed exclusively to factors that lower τe.
This simple model illustrates the value of examining fertility along both
the extensive and intensive margins. However, to make the example more
concrete, consider how some of the hypotheses advanced as explanations for
the fertility transition roughly map into our stylized model. Some argue that
improved access to schooling, increased returns to education because of skill-
biased technical change, or increased life expectancy lead to observed declines
in fertility. We can think of these factors as reductions in τe because they imply
the cost of acquiring additional lifetime earnings through increased investments
into child quality decline. As we argued above, declines in τe would not just
lower fertility along the intensive margin but would also raise fertility along the
extensive margin. Alternatively, improved access to labor markets for women
raises the opportunity cost of rearing children, represented in our model as an
increase in τq.6 An increase in τq should lower fertility along both the extensive
and the intensive margin. Observing fertility along both margins allows us to
empirically distinguish explanations of the fertility transition that map into
reductions in τe and explanations that map into increases in τq. Examining
only the intensive margin precludes this distinction.
3 The Rosenwald Schools
Our empirical test draws on the Rosenwald Rural Schools Initiative, a match-
ing grant program that partly funded the construction of almost 5,000 school-
houses for rural blacks in 14 southern states between 1913 and 1932.7 Figure
6Improvements in contraceptive technology, which reduce the costs of averting births,
could also be viewed as an increase in τq.
7Brieﬂy, the Rosenwald Initiative was a response to inadequate support for southern
rural black education at the turn of the 20th century (see, for example, Bond 1934, Myrdal
1944, and Margo 1990). The Rosenwald program originated in Alabama in 1913 and spread
through the remainder of the south by the early 1920s. When the Initiative closed in 1932,
roughly 92% of rural black children in the 14 states with Rosenwald presence lived in a
71 displays the fraction of school-age black children in a county who could have
been seated in a Rosenwald school when the program closed in 1932. The
across-county variation in access to Rosenwald schools, in concert with varia-
tion in the timing of construction over the two decades, provides the basis of
our main identiﬁcation strategy.
We consider the eﬀect of the Rosenwald schools on the fertility decisions
of two distinct samples of women. The ﬁrst group (“older cohorts”) includes
women who were of childbearing age when the schools were built but were too
old to attend the schools themselves. For these older cohorts, the introduction
of the program provided lower cost access to high-quality schools for their
children; in the model, we interpret this development as a decline in the price
of child quality τe, which is expected to increase fertility along the extensive
margin and decrease fertility along the intensive margin.
Our second group (“younger cohorts”) are women who were of school-going
age when Rosenwald schools were open. For these younger cohorts, Aaronson
and Mazumder (2011) demonstrate that exposure to Rosenwald schools im-
proved school attendance, increased years of completed education, and raised
cognitive ability as measured by military exams. As adults, these women faced
an increase in the opportunity cost of rearing children τq, which we predict to
cause their fertility to fall along both the extensive and intensive margin. In
addition, the introduction of the program lowered the cost of access to high-
quality schools for the children of the younger cohort. That is, the younger
cohort also face a decline in τe. Observing declines in fertility along the ex-
tensive margin therefore underestimate the strength of the opportunity cost
eﬀect and declines along the intensive margin overstate the same.
county with at least one Rosenwald school. Rosenwald schools could accommodate roughly
36% of all rural black children in these states. Detailed descriptions of the Rosenwald
program are available in McCormick (1934), Ascoli (2006), and Hoﬀschwelle (2006).
84 Data and Empirical Speciﬁcation
4.1 Fertility
Our sample of southern women is drawn from the 1910, 1920, and 1930 de-
cennial Censuses using the Integrated Public Use Microdata Series (IPUMS,
see Ruggles et al. 2010). We use the 1.4% sample for 1910, the 1% sample
for 1920, and a 6% sample for 1930. The 1930 data combines the publicly
available 1% IPUMS with an early version of the 5% sample, with duplicate
observations discarded.
For the older cohorts, women from all three IPUMS who were between the
ages of 25 and 49 at the time of the Census are included. As we discuss below,
we track their fertility over the 10 years before the Census interview. For
example, we measure the fertility experience of the 1930 sample as they move
from the ages of 15—39 in 1920 to 25—49 in 1930. The 1920 sample allows us
to include women who were of childbearing age when the earliest schools were
built. It also provides us with a large sample of women from a “control” group
who were living in non-Rosenwald counties. We ensure that no women in our
sample of older cohorts could have attended a Rosenwald school themselves.
Recall that this allows us to generate a clear prediction that the fertility eﬀects
should diﬀer between the extensive and intensive margins.
For our sample of younger cohorts, only women who were between the ages
of 18 and 22 in the 1930 IPUMS are included.8 A clear limitation of this part
of the analysis is that we cannot observe completed fertility, or later fertility,
for these women with available data. This concern is addressed in more detail
in section 5.2.
Fertility measures are constructed using counts of surviving children under
the age of 10 who can be linked to their biological mothers in the Census years.9
8Few women above the age of 22 in 1930 were exposed to the schools and few women
below the age of 18 have children. The results are qualitatively similar to expanding our age
range by a year or two in either direction. Note that we cannot include 18- to 22-year-old
women in the 1920 Census because these women would have been part of our older cohort
sample (they would have faced a reduction in τe as a result of Rosenwald schools available
at the time).
9The 1910 to 1930 Censuses do not ask women about the total numbers of children that
9We limit the analysis to children under 10 because we wish to avoid problems
associated with children leaving their parents’ household. We construct three
measures of fertility total fertility, total fertility conditional on at least one
child, and an indicator of whether a woman had at least one child under the
age of 10 to correspond to decisions on the intensive and extensive margins.
Summary statistics of the fertility measures are available in Table 1. The
10-year fertility rates vary substantially by race and rural status and over
time. For the older cohort, we can roughly approximate the better known
total fertility rate (TFR) by multiplying these 10-year fertility rates by 3.5.
This approximate TFR declined rapidly between 1910 and 1930 for rural blacks
(5.3 to 3.9) and rural whites (5.8 to 4.6). The urban TFR is much lower but
also trends downward by a comparable 25% during these two decades.
4.2 Rosenwald Exposure
Women are linked to the Rosenwald schools through county of residence, rural
status, and birth year. We obtained information on the schools from ﬁles
that the Rosenwald Fund used to track their construction projects. Each ﬁle
includes, among other information, the location (state and county), year of
construction, and number of teachers. Our analysis uses 4,932 schools with the
capacity to hold 13,746 teachers in 888 counties. See Aaronson and Mazumder
(2011) for more details.
We use diﬀerent measures of exposure to the Rosenwald schools for each
of our two samples. In each case, we start by measuring the coverage of
the schools for each cohort in each county. Speciﬁcally, we calculate the
ratio of the Rosenwald Fund’s count of Rosenwald teachers in county c in
were ever born. We merge our sample of women with children under 10 via their household
ID (serial) and the mother’s ID within the household (pernum for the mother, momloc
for the child). The links are summarized in the IPUMS variable momrule, which is equal
to 1 when there is a clear and convincing mother-child link (a son/daughter linked to a
wife/spouse) and greater than one when there are various ambiguities in the relationship.
Using this procedure, we can perfectly replicate the IPUMS reported count of children
(nchild). However, we use our procedure for three reasons: (1) we can construct fertility for
the 5% 1930 sample that does not include nchild; (2) we can drop nonbiological relationships;
and (3) we can drop ambiguous matches.
10year t multiplied by an assumed class size of 4510 relative to the estimated
number of rural blacks between the ages of 7 and 13 in the county in each
year.11,12 Denote this ratio by Tt c  For the older cohorts, exposure is deﬁned




Tt−k c, the 10-year average of Ttc between Census year t−1 and
t−10 in county c. This measure reﬂects the expanded schooling opportunities
that women of childbearing age might expect for their children based on the
Rosenwald schools they observe in their community. For the younger cohorts,




Tb+6+k c , the average coverage during the years when these
birth cohorts b were aged 7—13. This measure reﬂects how the Rosenwald
program aﬀected educational opportunities when these women were of school
age.
Table 1 presents summary statistics of the Rosenwald exposure measures
for both cohorts. Over this period of declining fertility, there was a rapid
increase in exposure to Rosenwald schools among the older cohorts, rising
from 0 in 1910 to roughly 19.3% among rural black women in 1930. Almost all
of this increase occured after 1920. The exposure measure averages 7.6% for
our younger cohorts of rural black women who were between 18 and 22 years
old in 1930. Again, both measures exhibit signiﬁcant cross-county dispersion,
as in Figure 1.
10An average class size of 45 is consistent with surveys of rural black southern schools in
state and county education board reports at the time. It was also the standard assumption
in internal Rosenwald Fund documents.
11We conﬁne our analysis to the eﬀects of exposure during the ages of 7—13 because
we cannot distinguish which schools (among those built after 1926) included high school
instruction. However, our results are robust to deﬁning exposure over the ages of 7—17.
In a small minority of cases, our exposure measure exceeds 1. In such cases, we topcode
values at 1.
12The population counts in the denominator are computed from the digitized 100% 1920
and 1930 Census manuscript ﬁles available through ancestry.com and interpolated for 1919
and 1921 through 1929.
114.3 The Empirical Speciﬁcation
The key empirical challenge we face is that the Rosenwald schools were not
randomly located. Indeed, the Rosenwald Fund’s refrain is clear on this point:
“Help only where help was wanted, when an equal or greater amount of help
was forthcoming locally, and where local political organizations co-operated”
(McCormick, 1934). The matching grant aspect of the program further as-
sured nonrandom placement of schools. Aaronson and Mazumder (2011)
discuss a number of tests to quantify the extent of the selection bias and ﬁnd
that it is small. In particular, they show that black socioeconomic characteris-
tics do not predict the location of the Rosenwald schools13 and, further, levels
and trends in black schooling before the program were similar in counties that
never had a Rosenwald school to those that did. They also show that the
eﬀects on human capital are similar when they only use variation arising from
the ﬁrst schools that were built in Alabama for plausibly idiosyncratic reasons.
To deal with endogenous selection, we follow Aaronson and Mazumder’s
main empirical strategy of controlling for a rich set of covariates, including
county-ﬁxed eﬀects and time trends, and applying diﬀerencing estimators that
exploit that the program was targeted at one demographic group. The basic
statistical model for the older cohort is:
yibct = f(blacki rurali Xit ageit t c) + (5)
(γ0 + γ1blacki + γ2rurali + γ3(blacki ∗ rurali)) × Etc + εibct
which relates a fertility outcome yibct for individual i born in year b living in
county c in Census year t to a ﬂexible function in black and rural indicators,
controls Xit, age, calendar-year dummies, county-ﬁxed eﬀects, and Etc, the
exposure to Rosenwald schools in county c at time t. We interact our Rosen-
wald exposure measure with race and rural status to take advantage of the
explicit targeting of the treatment to rural blacks while allowing other groups,
13They do ﬁnd that white literacy levels predict the location of the schools, consistent
with the Rosenwald Fund’s approach to locating in areas where white backlash could be
minimized.
12particularly rural whites and urban blacks, to serve as controls.
This approach provides four diﬀerent estimators of the eﬀect of school
exposure on fertility. The sum of the OLS estimators b γ0  b γ1   b γ2, and b γ3 provides
an “undiﬀerenced” estimate of the eﬀect on rural blacks. To the extent that
there were other factors that may have aﬀected the fertility of all blacks in
a county, including urban blacks, that were unrelated to the introduction of
the schools, we can diﬀerence out such eﬀects by using b γ2 + b γ3. There may
be actual eﬀects on blacks living in areas classiﬁed as urban according to the
Census to the extent that the Rosenwald Fund and the Census Bureau had
diﬀerent deﬁnitions of rural counties. A third estimator uses the diﬀerence
between rural blacks and rural whites in order to remove any common “rural”
eﬀect that both blacks and whites shared. This is represented by b γ1 + b γ3 
Finally, the “triple diﬀerence estimator” b γ3 diﬀerences out both rural and race
eﬀects and is therefore our preferred estimator. Any alternative explanation
for the result estimated by b γ3 must reﬂect confounding factors that aﬀected
only rural blacks and not rural whites or urban blacks in the same county.
We construct an analogous cross-sectional speciﬁcation for the younger
cohort of women who were between the ages of 18 and 22 in 1930. In this case,
we modify equation (5) as follows: we (1) drop the time dummies, (2) replace
Etc with Ebc, and (3) replace the county-ﬁxed eﬀects with state-ﬁxed eﬀects.
Because both Etc and Ebc can take on values between 0 and 1, we interpret the
coeﬃcients in equation 5 as the eﬀect of going from no Rosenwald exposure in
one’s county to complete exposure.
5 Results
5.1 Fertility Among the Older Cohorts
Table 2 shows the results for our older cohort of women. Recall that these
women were too old to have gone through the Rosenwald schools themselves
but their children were potentially exposed to the schools. Column (1) shows
the eﬀect of Rosenwald exposure on overall fertility in the last 10 years. Using
13the triple diﬀerence estimator (b γ3), we ﬁnd that going from no exposure to
complete exposure results in an increase of 0.019 children with a standard error
of 0.051. The three alternative estimators (black rural - black urban, black
rural - white rural, black rural) reveal larger, though generally statistically
insigniﬁcant, positive point estimates. On their own, these results appear to
contradict the prediction of the standard quantity-quality model that relaxing
the constraints to invest into education leads to lower fertility rates.
The results on overall fertility, however, conﬂate opposing eﬀects along the
extensive and intensive margins. Along the extensive margin (column 2), our
preferred estimator indicates that complete exposure to the schools increases
the probability that a woman had a child in the preceding 10 years by 3.2
(1.8) percentage points.14 The eﬀects are similar for the black rural minus
black urban estimator and slightly larger and statistically signiﬁcant if we use
the black rural minus white rural diﬀerence or the undiﬀerenced estimator.
Column (3) reports results along the intensive margin. Among women who
had at least one child in the preceding 10 years, full exposure leads to 0.151
(0.085) fewer children, a result that is marginally statistically signiﬁcant. The
alternative estimators show the same signed eﬀect but are smaller in absolute
value and therefore broadly statistically insigniﬁcant.
Columns (4) to (6) repeat this exercise for a subsample of married women.
Childbearing was relatively less common among unmarried women in the early
20th century compared to today. The results are, unsurprisingly, stronger for
married women, especially along the extensive margin. Complete exposure to
Rosenwald raised the probability of having a child by 5.8 (1.6) to 6.8 (1.5)
percentage points, depending on the estimator. Along the intensive margin,
our preferred (b γ3) estimator suggests a decline of 0.183 (0.092) children, al-
though other estimators tend to be smaller and not statistically diﬀerent from
zero.15 We see the evidence broadly suggesting that fertility for all women
aged 25—49 rose by a little more than 5% along the extensive margin and fell
14The baseline 10-year probability of having children among rural blacks is 45.6%.
15There is no statistically signiﬁcant eﬀect on either the intensive or extensive margin for
unmarried women and no eﬀect on the probability of marriage.
14by slightly less along the intensive margin in response to the availability of
higher quality schooling for all rural black children in a county. 16 On bal-
ance, the response along the extensive margin slightly dominates the response
along the intensive margin and thus average fertility increases somewhat with
exposure, particularly for married women. Our results imply that the number
of black children growing up in small families increased as the distribution of
the number of children was “compressed” from both sides. Indeed, the (un-
reported) probability that a woman had exactly one child under 10 increased
by 3.8 (1.3) percentage points in counties with complete Rosenwald coverage.
These ﬁndings are consistent with essential complementarity. For our older
cohorts, the Rosenwald initiative can be viewed as representing a decline in
the price of the quality of education τe, as the program led to improvements
in both school access and school quality. This, in turn, led parents to invest
more heavily into the quality of children. Indeed, Aaronson and Mazumder
(2011) ﬁnd that exposure to the schools led to large improvements in the
human capital of students. Our model predicts that this decline in τe raised
fertility along the extensive margin because of essential complementarity. The
model also predicts that fertility will decline along the intensive margin because
quantity and quality substitute for each other at higher levels of fertility. Both
predictions are conﬁrmed by the data. Importantly, the results based on
total fertility, combining fertility across both margins, might have led one to
mistakenly conclude that the schools had no, or even a paradoxical positive,
eﬀect on the fertility of the older cohorts. However, enhancing the model
to distinguish between the separate eﬀects of essential complementarity and
the quantity-quality tradeoﬀ enables us to reconcile the empirical patterns in
fertility among this cohort of women.
5.2 Fertility Among the Younger Cohorts
In Table 3, we present the results for the younger cohorts. Aaronson and
Mazumder (2011) show that exposure to the Rosenwald schools during child-
16Typical Rosenwald exposure in 1930 was roughly one-third, suggesting actual average
eﬀects along the extensive and intensive margins on the order of 2%.
15hood had a signiﬁcant positive eﬀect on the average level of human capital of
girls. As adults, increased access to higher quality schooling as children likely
raised the opportunity cost of procreation τq. In response, fertility should
decline along both the intensive and extensive margins.
We start by showing the overall eﬀect of Rosenwald exposure at ages 7—13
on fertility at ages 18—22 in column (1). Using our preferred speciﬁcation,
full exposure to the Rosenwald schools leads to a 0.238 (0.092) decline in the
number of children per woman. For a county that goes from 0 to complete
Rosenwald exposure, the magnitude of the eﬀect is roughly 60% of the mean
fertility rate of 0.39 for rural black women in this age group. The point
estimates range from -0.12 to -0.37 across alternative estimators but are all
statistically signiﬁcant at conventional levels.
In columns (2) and (3), we demonstrate that this overall decline is due to
a reduction in fertility along both the extensive and intensive margins. The
evidence is especially strong along the intensive margin as all four estimators
show large and statistically signiﬁcant negative eﬀects of school exposure on
fertility. The triple diﬀerence estimator suggests that full exposure leads to a
0.793 (0.402) decline in the number of children among women who have at least
one child. The evidence along the extensive margin is more mixed: the point
estimate for our preferred estimator is negative and economically meaningful
but not statistically signiﬁcant. The estimator when diﬀerencing across rural
and urban blacks delivers the economically and statistically strongest evidence
for a decline in fertility along the extensive margin. It is worth reemphasizing
that the negative eﬀect along the extensive margin may be attenuated by
the potentially oﬀsetting eﬀect of a decline in τe, as experienced by the older
cohorts. Moreover, the negative eﬀect along the intensive margin is enhanced
by the same decline in τe.
In columns (4) to (6) of Table 3, we focus on women between the ages of 20
and 22, among whom fertility rates are much higher and potential eﬀects of ex-
posure on fertility are therefore easier to detect. Indeed, we ﬁnd notably larger
negative eﬀects for total fertility and along both the extensive and intensive
margins. For example, the triple diﬀerence estimator suggests that complete
16exposure to Rosenwald schools on average leads to more than one-half fewer
children for women in this age group (or 0.22 fewer children at the average
Rosenwald exposure rate). Overall, the response in fertility behavior among
the younger cohorts is larger than that among the older cohorts, suggesting
that changes in the opportunities for women due to increased education can
have an important impact on the onset of fertility.
Table 4 breaks out marriage and fertility outcomes among the 18- to 22-
year olds. Complete exposure to Rosenwald appears to delay marriage and
childbearing among married women but not childbearing among unmarried
women. By age 22, full exposure to Rosenwald schools as school children
led to a reduction in the probability of marriage by age 22 of -6.9 (4.3) to
-13.3 (4.6) percentage points (column 1). These are economically large, albeit
sometimes statistically insigniﬁcant, eﬀects that have a direct impact on overall
fertility because of the close connection between marriage and childbearing.
We also observe a decline in fertility within marriage: average fertility among
married women by age 22 declined by about 0.40 (0.23) children. Again, the
(unreported) eﬀects are larger among the more fecund 20—22 population.
Finally, consistent with the opportunity cost view, Table 5 reports evidence
that the occupational standing of women educated in Rosenwald schools rose
compared to those that did not go through the schools. Because of data
limitations on education and earnings in Censuses before 1940, we use the
Census-derived occscore measure, which assigns an occupation to the median
income of all individuals working in that occupation in 1950. We ﬁnd that in
most speciﬁcations, exposure to Rosenwald schools at ages 7—13 signiﬁcantly
raises the occscore of the younger cohort (columns 1 and 2), consistent with the
view that Rosenwald-educated women had better opportunities in the labor
force than those who did not go through the schools themselves. We also
ﬁnd (unreported) that edscore, which is based on a measure of occupational
educational attainment in 1950, rose for the younger cohort. No such eﬀect
on occscore or edscore is found among the older cohorts who were too old to
have obtained Rosenwald educations themselves (column 3).
Because we cannot extend the analysis beyond the 1930 Census with cur-
17rent data, we cannot determine how much our results on the Rosenwald-
educated women reﬂect changes to timing of fertility or completed fertility.17
That said, we ﬁnd a strong association between fertility at young and old
ages in general. In particular, we constructed a data set of the average num-
ber of children under 10 by state of birth, race, and birth cohort from the
1900—1950 Censuses. The correlation between the fertility of 18- to 22-year-
old black women and 38- to 42-year-old black women from the same state of
birth and birth cohort is 0.54. Adjusted for sampling error, this correlation
rises to 0.87.18 For Rosenwald-only states, the adjusted correlation is 0.81.
Therefore, we view our measure of fertility as a useful proxy for completed
fertility.
6 Discussion
This paper explores the implications of using an augmented quantity-quality
model to explain fertility choices along the extensive and intensive margin after
a wholesale change in the availability of higher quality schools. We show that
the predictions of essential complementarity are largely consistent with how
women of childbearing age adapted their fertility behavior when faced with
an increase in schooling opportunities for their children. In particular, among
17In due course, as the 1940 Census geographic data becomes available, we will be able
to consider fertility for these women up to age 32 and thus learn whether the Rosenwald
intervention primarily delayed the onset of fertility or whether the intervention reduced
fertility up through the early 30s as well.
18To compute the sampling error-adjusted correlation between the fertility of the young,
φy
g, and old, φo
g, among group g, let Ny
g and No
g be the number of individuals of group g for
which we observe f
y
i and fo
i , the fertility of individual i at a young or at an old age. Note that
the Censuses do not allow us to observe the same individual at both young and old ages. It















































is the sampling variance for the young, derived from
the sample residuals within group. An analogous formula applies to the sampling variance
of the old, b s2
o i∈g. A derivation is available from the authors on request.
Note that we remove group cells with fewer than ﬁve observations.
18our older cohorts, the probability of having a child rose and the number of
children, conditional on having children, fell in response to the introduction
of Rosenwald schools. These two competing eﬀects roughly oﬀset each other.
We also ﬁnd that the expansion of Rosenwald schools caused those women
who were educated in the Rosenwald schools, our younger cohorts, to change
their fertility behavior substantially. The increase in education among these
women was accompanied by a substantial decline in early fertility (along both
the extensive and the intensive margin), a delay in marriage, and an increase
in the quality of their chosen occupations. This behavior is consistent with
the notion that education raised the opportunity costs of fertility.
It is common to see fertility declines along both the extensive and the
intensive margin during demographic transitions. Over the ﬁrst half of the
20th century, childlessness became more prevalent among southern black and
white American women, at the same time that large families became less
common (see Figure 2). Developing countries today display the same pattern.
Figure 3 shows the fraction of women without children against the average
number of children in families with children among developing countries in the
Demographic Health Surveys over the last 30 years. Similar to the American
South a century ago, modern-day developing countries with high fertility along
the intensive margin are simultaneously those with high fertility along the
extensive margin.
Introducing an extensive margin within a standard quantity-quality model
generates additional tests of hypotheses regarding the channels driving demo-
graphic transitions. For example, skill-biased technical change or improve-
ments in longevity will act analogous to a decline in the price of investing
in the quality of children. Therefore, these explanations fail to generate the
simultaneous decline in fertility along both the intensive and the extensive
margin that is typical during demographic transitions. These explanations are
therefore unlikely to be the sole driving forces behind the transition. Instead,
we tentatively propose that increases in the opportunity cost of childbearing
induced by increased schooling attainment among young women play an im-
portant role in the demographic transition. One plausible interpretation of the
19time-series evidence in Figures 2 and 3, along with the more detailed ﬁndings
of the Rosenwald era, would be that improved schooling opportunities induce
greater schooling investments, which subsequently raise the opportunity cost
of childbearing and lower fertility along all margins.
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22Table 1: Summary Statistics
Black,  Black,  White, White, Black,  Black,  White, White,
Rural Urban Rural Urban Rural Urban Rural Urban
Fertility Measures
Total fertility 1.216 0.484 1.397 0.760 0.388 0.207 0.391 0.213
[1.645] [1.061] [1.482] [1.128] [0.839] [0.616] [0.762] [0.558]
Total fertility, 1910 1.509 0.607 1.666 0.959
[1.729] [1.125] [1.580] [1.303]
Total fertility, 1920 1.344 0.509 1.519 0.801
[1.662] [1.052] [1.503] [1.159]
Total fertility, 1930 1.126 0.463 1.320 0.718 0.388 0.207 0.391 0.213
[1.613] [1.050] [1.449] [1.085] [0.839] [0.616] [0.762] [0.558]
Extensive margin 0.456 0.234 0.599 0.406 0.226 0.131 0.258 0.154
[0.498] [0.423] [0.490] [0.491] [0.418] [0.337] [0.438] [0.361]
Extensive margin, 1910 0.551 0.299 0.656 0.453
[0.497] [0.458] [0.475] [0.498]
Extensive margin,  1920 0.512 0.258 0.634 0.418
[0.50] [0.438] [0.482] [0.493]
Extensive margin,  1930 0.425 0.221 0.582 0.395 0.226 0.131 0.258 0.154
[0.494] [0.415] [0.493] [0.489] [0.418] [0.337] [0.438] [0.361]
Intensive margin 2.664 2.073 2.331 1.873 1.716 1.581 1.514 1.383
[1.440] [1.233] [1.221] [1.025] [0.914] [0.850] [0.739] [0.640]
Intensive margin,  1910 2.739 2.028 2.541 2.116
[1.433] [1.161] [1.260] [1.139]
Intensive margin,  1920 2.624 1.972 2.395 1.917
[1.426] [1.184] [1.211] [1.037]
Intensive margin,  1930 2.648 2.095 2.269 1.817 1.716 1.581 1.514 1.383
[1.444] [1.253] [1.206] [0.990] [0.914] [0.850] [0.739] [0.640]
Rosenwald Measures
Own exposure to Rosenwald 0.000 0.000 0.000 0.000 0.076 0.080 0.074 0.068
[0.000] [0.000] [0.000] [0.000] [0.107] [0.123] [0.134] [0.121]
Rosenwald exposure in last 10 years 0.139 0.198 0.145 0.166
[0.177] [0.247] [0.214] [0.234]
Rosenwald exposure last 10 years, 1910 0.000 0.000 0.000 0.000
[0.000] [0.000] [0.000] [0.000]
Rosenwald exposure last 10 years, 1920 0.006 0.005 0.005 0.003
[0.015] [0.015] [0.016] [0.012]
Rosenwald exposure last 10 years, 1930 0.193 0.248 0.198 0.218
[0.183] [0.254] [0.228] [0.247]
Other Measures
Married 0.789 0.652 0.851 0.763 0.490 0.442 0.476 0.402
[0.408] [0.476] [0.356] [0.425] [0.50] [0.497] [0.499] [0.490]
Labor force status 0.465 0.636 0.127 0.230 0.376 0.531 0.189 0.422
[0.499] [0.481] [0.333] [0.421] [0.484] [0.499] [0.391] [0.494]
Literate 0.728 0.845 0.940 0.972 0.877 0.945 0.978 0.993
[0.445] [0.362] [0.237] [0.164] [0.328] [0.227] [0.148] [0.082]
Occscore (hundreds of 1950$) 8.100 8.802 16.717 21.372 7.154 9.781 17.408 20.869
[5.296] [6.876] [9.805] [8.275] [5.093] [6.795] [9.244] [6.153]
N 70,555 39,178 190,725 107,267 20,623 9,659 46,661 24,119
Older Cohort Younger Cohort
The older cohort includes 25-49-year-old women from the 1910, 1920, and 1930 IPUMS. The younger cohort  includes women 
aged 18-22  from the 1930 IPUMS. The extensive margin is the probability that a woman has at least one child. The intensive 
margin is  the number of children a woman has, conditional on having at least one child. Refer to the text for details on how the 
variables are constructed.Table 2: The Effect of Rosenwald Exposure on the Fertility of the Older Cohorts 
(1) (2) (3) (4) (5) (6)
All, 25-49 Married, 25-49
Total Extensive Intensive  Total Extensive Intensive 
Fertility Margin Margin Fertility Margin Margin
γ0 -0.010 0.002 0.001 -0.035 -0.010 0.006
[0.029] [0.011] [0.038] [0.034] [0.012] [0.039]
γ1 0.034 0.008 0.108* 0.043 0.004 0.142**
[0.028] [0.012] [0.064] [0.038] [0.015] [0.071]
γ2 0.038 -0.006 0.041 0.055* -0.000 0.043
[0.027] [0.010] [0.034] [0.031] [0.011] [0.035]
Preferred Estimator
B-W Rural - B-W Urban 0.019 0.032* -0.151* 0.085 0.064*** -0.183**
(γ3) [0.051] [0.018] [0.085] [0.062] [0.021] [0.092]
Alternative Estimators
Black, Rural-Urban 0.057 0.026 -0.110 0.140** 0.063*** -0.140
(γ2 + γ3) [0.048] [0.016] [0.082] [0.059] [0.019] [0.089]
B-W Rural 0.054 0.041*** -0.043 0.128** 0.068*** -0.041
(γ1 + γ3) [0.044] [0.014] [0.057] [0.050] [0.015] [0.060]
Rural black 0.081* 0.037** -0.001 0.148*** 0.058*** 0.009
(γ0 + γ1+γ2 + γ3) [0.046] [0.015] [0.060] [0.054] [0.016] [0.063]
N 407,725 407,725 199,150 325,150 325,150 189,585
R2 0.134 0.116 0.112 0.157 0.141 0.113
Triple Difference
Difference in Difference
Undifferenced Effect of Exposure
Sample includes women aged 25-49 from the 1910, 1920, and 1930 IPUMS. The dependent variables are: 
columns 1 and 4: the number of 0-9 year olds at the time of the Census; columns 2 and 5: an indicator of having 
at least one child between the age of 0 and 9; columns 3 and 6: the number of children conditional on at least one 
child.  All specifications contain county fixed effects, state-specific time trends, race and rural specific trends, a 
full sets of age and year dummies and literacy.  Robust standard errors, clustered at the county level, are in 
brackets.  Stars indicate probability values: *** p < 0.01, ** p < 0.05, * p < 0.10.Table 3: The Effects of Rosenwald Exposure on the Fertility of Younger Cohorts 
(1) (2) (3) (4) (5) (6)
Sample 
Overall Extensive Intensive  Overall Extensive Intensive 
Fertility Margin Margin Fertility Margin Margin
γ 0 0.134*** 0.045* 0.080 0.022 0.011 -0.097
[0.036] [0.026] [0.101] [0.082] [0.052] [0.153]
γ 1 0.120 0.073* 0.344 0.382* 0.132 0.963
[0.074] [0.041] [0.380] [0.218] [0.089] [0.625]
γ 2 -0.135*** -0.039 -0.064 0.038 0.037 0.094
[0.046] [0.031] [0.108] [0.104] [0.062] [0.174]
Preferred Estimator
B-W Rural - B-W Urban -0.238*** -0.065 -0.793** -0.673*** -0.195* -1.583**
(γ 3) [0.092] [0.052] [0.402] [0.259] [0.113] [0.669]
Alternative Estimators
Black, Rural-Urban -0.372*** -0.104** -0.857** -0.635*** -0.158* -1.489**
(γ 2 + γ 3) [0.085] [0.044] [0.393] [0.239] [0.096] [0.668]
B-W Rural -0.118** 0.008 -0.449*** -0.291** -0.063 -0.620**
(γ 1 + γ 3) [0.059] [0.034] [0.150] [0.147] [0.070] [0.302]
Rural black -0.119** 0.014 -0.433*** -0.231 -0.015 -0.623**
(γ 0 + γ 1+γ 2 + γ 3) [0.056] [0.033] [0.138] [0.142] [0.068] [0.281]
N 101,062 101,062 21,669 59,231 59,231 16,450
R
2 0.069 0.062 0.075 0.038 0.036 0.049
The full sample includes women aged 18-22 from the 1930 1 and 5% IPUMS. The table displays coefficient 
estimates from a regression of the indicated fertility measure on the own age 7 to 13 exposure variable described 
in the text. All specifications include race and rural dummies and their interaction, age dummies, and state fixed 
effects. Robust standard errors, clustered by county, are in brackets. *** p < 0.01, ** p < 0.05, * p < 0.10.
18-22 year olds 20-22 year olds
Triple Difference
Difference in Difference
Undifferenced Effect of Exposure(1) (2) (3) (4) (5) (6) (7)
18-22 years old
All Married
γ 0 0.066 0.010 -0.065 0.081 0.004 0.000 -0.322
[0.043] [0.082] [0.060] [0.101] [0.005] [0.003] [2.107]
γ 1 -0.056 0.388** 0.200* 0.320 -0.023 -0.014 0.898
[0.055] [0.197] [0.105] [0.401] [0.017] [0.009] [2.355]
γ 2 -0.002 -0.039 0.056 -0.062 0.002 0.004 -0.003
[0.045] [0.092] [0.066] [0.108] [0.006] [0.003] [2.494]
Preferred Estimator
γ 3 -0.077 -0.395* -0.069 -0.776* -0.007 0.002 -0.676
(B-W Rur - B-W Urb) [0.068] [0.230] [0.128] [0.424] [0.024] [0.013] [2.685]
Alternative Estimators
Black, Rural-Urban -0.079 -0.434** -0.013 -0.838** -0.004 0.006 -0.679
(γ 2 + γ 3) [0.062] [0.212] [0.102] [0.412] [0.025] [0.013] [1.139]
B-W Rural -0.133*** -0.007 0.131* -0.456*** -0.030* -0.012 0.222
(γ 1 + γ 3) [0.046] [0.137] [0.075] [0.153] [0.018] [0.009] [1.262]
Effect on Rural Blacks -0.069 -0.036 0.122* -0.437*** -0.023 -0.008 -0.104
(γ 0 + γ 1 + γ 2 + γ 3 ) [0.043] [0.128] [0.072] [0.139] [0.018] [0.009] [0.633]
N 100,992 46,255 46,255 21,370 54,737 54,737 299
R
2 0.066 0.066 0.054 0.075 0.007 0.008 0.140
Triple Difference
Difference in Difference
Undifferenced Effect of Exposure
The estimates are based on the same specification as that used in Table 3. For details refer to the notes in that table. Robust 
















FertilityTable 5:  The Effect of the Rosenwald Schools Initiative on Occupational Score, by Cohort
(1) (2) (3)
18-22 20-22 25-49
γ 0 0.245*** 0.174 0.024
[0.088] [0.118] [0.026]
γ 1 0.061 -0.059 0.092***
[0.130] [0.184] [0.022]
γ 2 -0.483*** -0.588*** 0.052*
[0.148] [0.221] [0.030]
Preferred Estimator
γ 3 0.326 0.680** -0.109***
(B-W Rur - B-W Urb) [0.214] [0.290] [0.041]
Alternative Estimators
Black, Rural-Urban -0.156 0.092 -0.057*
(γ 2 + γ 3) [0.176] [0.225] [0.033]
B-W Rural 0.387** 0.621*** -0.017
(γ 1 + γ 3) [0.163] [0.233] [0.035]
Effect on Rural Blacks 0.150 0.207 0.059*
(γ 0 + γ 1 + γ 2 + γ 3 ) [0.119] [0.177] [0.033]
N 27,449 17,526 97,788
R




Undifferenced Effect of Exposure
The table displays coefficient estimates from a regression of log(occupational score) on Rosenwald 
exposure.  The first two columns use age 7 to 13 Rosenwald exposure, the third column uses average 
exposure over the previous decade. The specification for column 1 and 2 mirror that used in Table 3.  The 
column 3 specification is the same as that used in Table 2. For details refer to the notes in those tables.  
Robust standard errors, clustered by county where appropriate, are in brackets.  *** p < 0.01, ** p < 0.05, 
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